Measurement of either the minimal or the optimal amount of iron necessary in the daily diet of the normal adult has seldom been attempted. Information concerning the normal daily iron requirement is urgently needed in the solution of problems arising in the recent widespread study of the anemias. The lack of extensive information concerning the quantitative metabolism of iron may well be explained by the difficulties encountered in the analysis of iron in biological materials, the small amount of iron metabolized by the human organism and the impossibility of obtaining a palatable ironfree or even a very low iron containing diet which is other wise adequate for prolonged human consumption. At the University of Michigan Hospital normal young adults were eating accurately weighed diets during the course of insensi ble loss of weight experiments. These subjects have afforded a rare opportunity to observe the iron exchange in the human receiving a diet of low iron content.
considered in this study and the nature of the analytical method employed for the iron determinations was not de scribed. Since the period of fasting was very short, the iron of the food present in the gastro-intestinal tract at the be ginning of the fast must account for an appreciable amount of the stool iron observed. Furthermore, the loss of body tissue during fasting could account for some excretory iron which would not be excreted under normal dietary conditions. Benedict's ('15) study of a man fasting for a month unfor tunately did not include measurement of the iron excreted. Stockman (1895) analyzed the diets served in two Edin burgh hospitals and nurses' homes, as well as duplicate diets to those ordinarily eaten by himself and his friends.
The iron content of these diets varied between 6 and 11 mg. per day. The daily food intake of two chlorotic girls was ana lyzed on 2 successive days. .These extremely limited and inadequate diets varied between 1.3 and 3.2 mg. of iron per day. Stockman's analytical method involved ashing the en tire diet and titrating the reduced solution of the ash with potassium permanganate.
His analyses of the iron content of some common foods are similar to those obtained by Peter son and Elvehjem ('28) . Stockman and Greig (1897) re ported iron balance studies for the last 3 days of 8-day diet periods, using normal adult subjects. One person receiving 6.2 mg. of iron per day excreted 6.3 mg. daily. A young woman ingesting 3.5 mg. per day excreted 3.7 mg. In two other experiments the excretion greatly exceeded the intake. Stockman's values for urinary iron are likely much too high.
Von Wendt ('05) made an extensive study of the protein and salt requirement of a normal adult which is of little significance for iron metabolism because of the almost daily changes made in the diet which do not allow time for the gastro-intestinal tract to empty itself of the previous days' higher or lower iron containing diet, and because of the use of Neumann's wet ash iodometric analytical method whose gross inaccuracy was demonstrated by Lintzel ( '28) in a critical study. Von Wendt's data show an increase in stool iron for several days following a day with a high iron intake.
A more satisfactory study was carried out by Sherman ('07). During 3 days, an adult male ate a diet of crackers and milk containing 1690 calories, 63 gm. of protein and 5.7 mg. of iron daily. The average stool iron during these 3 days was 5.3 mg. per day plus an average urine iron of 0.2 mg., a total of 5.5 mg. excreted per day, a positive balance of 0.2 mg. per day. In the other two experiments the subjects developed diarrhea on the third day and the excretion of iron as might be expected exceeded the intake. Considering the absence of an adjustment period of at least 3 days on this cracker and milk diet before the iron excretion was measured and the difficulties inherent in the volumetric per manganate method of iron analysis, this subject was roughly in iron balance with a daily intake of 5.7 mg. of iron.
This problem was reinvestiga ted by Lintzel ('29) . He first ('28) studied various analytical methods for iron determina tion and was concerned particularly with the iron content of normal urine. He developed an ingenious but laborious method for determining small amounts of iron and reported that normal adult male urine contained less than 0.01 mg. of iron daily. Lanyar, Lieb and Verdino ('33) confirmed this absence of iron in normal urine with Lintzel's method. Lintzel ('29) obtained similar negative results in urine with the volumetric titanium method and later ('33) with the bipyridyl method. The accuracy of Lintzel 's first method has been confirmed by Farrar in this laboratory, but the urine of five normal subjects has varied between 0.02 and 0.03 mg. of iron per 100 cc. which is about twenty times the amount found by Lintzel, and corresponds to the values reported by Sherman ('07), by Rose and her associates ('30) and by Hanzal and Bing ('34) . Lintzel fed a normal young male subject a constant diet containing 13.8 mg. per day for 4 days. During these 4 days the stool iron averaged 14 mg. daily. During the next 6 days the subject received a constant diet consisting of boiled rice, butter (especially prepared), egg white, tea and sugar in amounts giving a total daily iron intake of 0.9 mg. During the last 3 days of this diet period the stool iron averaged 0.87 mg. per day. During the follow ing 6 days the subject ate the first diet again, containing 13.8 mg. of iron a day. During the last 3 days of this period the stool iron averaged 13.8 mg. per day. The total iron intake of the 16-day period was 143.4 mg. ; the total stool iron was 143.7 mg. Similar experiments were carried out with diets containing 1.6, 2.1 and 3.6 mg. of iron per day. The stool iron always corresponded closely with the food iron, requiring 2 to 3 days after a change in intake to reach equilibrium.
Lintzel further found in these normal subjects that large doses of inorganic iron led to retention only on the first day of their administration.
The problem of absorp tion and reexcretion of iron by the gastro-intestinal tract is not within the realm of a balance experiment.
Davidson and his associates ('33) studied the iron intake of the Aberdeen poor. Although some of the women and children were anemic, there was no correlation between the incidence of anemia and the iron content of the diet including diets affording only 6 mg. of iron daily over long periods of time. Sherman's ('07) dietary survey of various sections of the United States revealed a variation of daily iron intake from 7 mg. for the Alabama negro to 31 mg. in the Northern lumber camps.
The recent studies of Elvehjem, Hart and Sherman ('33) and of Sherman, Elvehjem and Hart ('34) , concerning the availability of iron in many foods (the proportion of the total iron content of a food which the gastro-intestinal tract and the organism is able to utilize) has added a most important point of view in the study of iron metabolism.
The total iron content of the diet is of less importance than the amount of iron actually available for the use of the body in the foods employed.1 On this basis subject 'W (described below) was 1The availability of the total iron content of some foods studied by simultane ous chemical (bipyridyl) and biological (milk anemia in young rats) methods in Elvehjem's laboratory is as follows: beef liver 70 per cent; beef heart 70 per cent; beef steak 50 per cent; wheat 50 per cent; oats 50 per cent; oysters 25 per cent; spinach 20 per cent. Hematin iron is not used by the gastro intestinal tract.
receiving about 3 mg. of available iron a day when the total iron of the diet was 5 mg.
Several studies of the iron requirement of the infant and growing child have appeared, but this paper is not concerned with growth or abnormal aspects of iron metabolism.
EXPERIMENTAL
Except for short periods no satisfactory measurements of the iron requirement of the normal adult are available. At the University Hospital, Drs. L. H. Newburgh and F. H. Lashmet have been carrying out insensible loss of weight measurements on young adults under very carefully con trolled conditions over periods of several months' duration.
Because of their accurately measured, constant, simple diets, such subjects are ideal for a study of iron exchange. Pre cautions against iron contamination were instituted in the regime of four of these subjects. The details of this pro cedure which measures the total caloric exchange in such normal subjects living their usual active lives were reported by Newburgh, Wiley and Lashmet ('31). The iron content of the foods in use was determined.
Toward the end of the period of observation the iron excreted in the urine and stool was measured and the usual routine blood examinations were performed, including blood iron determinations.
Incident to these observations an extensive study of the accuracy of analytical methods for iron determination in bio logical materials has been carried out by Farrar ('35) . The thiocyanate analytical method described by Stugart ('31) as modified by Elvehjem ( '34) was adopted in this laboratory. Analyses were performed in triplicate; iron was added to one of the three samples to test its recovery.8
A restricted number of simple foods were used in varying amounts.
The constituents of the diet for each day were accurately weighed on a beam balance (sensitivity 0.1 gm.) individually, and then collectively as a check, by Doctor Newburgh or Doctor Lashmet, each morning.
This ration was placed in a refrigerator and consumed by the subject in two or three portions. The milk and cream were obtained daily from the local dairy. Repeated analyses showed a surprising constancy of the iron content. The other foods were obtained in large lots. One subject (W) drank distilled water, the other three tap water, from individual thermos jugs which were weighed daily. This tap water contains an appreciable amount of iron which is included in the calculated iron intake. All of these subjects received a maintenance number of calories and were in nitrogen balance. Contamination of the excreta with iron was avoided by the use of new unchipped enamel ware.
Blood iron was determined by Hanzal's ('33) method. Hemoglobin was measured with the Sahli method using in struments standardized by the oxygen capacity method. Bureau of Standards instruments were used for the red and white blood cell counts. The menstrual hemoglobin loss was ascertained by the following rough method : Extract the nap kins repeatedly with cold water in the ice box until the ex tractions are colorless, filter, treat an aliquot portion with dilute hydrochloric acid, compare in a colorimeter with an acid hematin solution of known concentration.
Obviously such a method produces only a low approximation of the blood discharged. Table 1 shows the iron content of the foods employed. Tables 2, 3 , 4 and 5 show for each subject the daily diet and the daily iron intake by periods as well as the stool, urine and blood iron where these were measured. Table 6 summarizes the findings on all four cases. Subject W, a male graduate student 26 years of age, lived on this regime for 316 days. For this entire period the aver age daily iron intake was 4.9 mg. During the last 31 days of this period the iron excretion was measured.
The daily intake during this month averaged 5.2 mg., the stool iron aver aged 5.2 mg. per day. In our experience normal male urine has contained about 0.02 mg. of iron per 100 cc. using several analytical methods. At the end of 10 months on a diet con taining a daily average of 4.9 mg. of iron this subject remained in iron balance. Furthermore, the blood iron, hemo globin and red blood cell levels were within the normal range at the end of this period of low iron intake.
Subject V, a male graduate student 23 years of age, lived on this regime for 160 days. The average iron intake was 7.8 mg. per day. The urine and stool excreted for 5 days during the last month of this 5-month period were analyzed. The subject was in iron balance on an iron intake of 7.7 mg. per day. Like the first subject, the blood findings were normal. Subject J was a patient 18 years of age with an arrested minimal pulmonary tuberculosis, who was continued on bed rest during this study. His diet averaged 7.1 mg. of iron per day for 4 months. The intake and excretion of iron were equal during 5 days of the last month of this study and there was no anemia at the beginning or the end of this 4-month period. Subject E was a dietitian 24 years of age who lived on this regime for 41 days with an average iron intake of 9.1 mg. per day. She likewise was in iron balance and showed normal blood iron and hemoglobin levels. Her blood was examined tri-weekly throughout the 41 days. No significant changes occurred in the hemoglobin percentage and the red or white blood cell count. The amount of hemoglobin lost during a menstrual period which occurred during period 'B' of this study was found to correspond to 33 cc. of the subject's blood or about 12.0 mg. of iron. A second dietitian, not included in this study, showed a similar hemoglobin loss. These fig ures correspond closely with those reported by Fowler and Barer ('35) for the amount of blood lost in a normal men strual period.
Because of the hemoglobin decomposition inherent in menstruation, as well as the decomposition occur ring during the extraction process, and the other forms of iron present in the menstrual discharge (Ohlson and Daum, '35 ) our estimate of the amount of iron lost is certainly too low. Unfortunately the excreta during period 'B' were dis carded before iron analyses were completed. SUMMARY 1. A healthy male, 26 years of age, carried on his usual duties as a graduate student for 316 days on a diet whose average daily iron content was 4.9 mg. During the last 31 days of this period the subject was in iron balance when the diet contained 5.2 mg. of iron daily. The blood hemoglobin, blood iron and red blood cell levels were within normal limits.
2. Two other male subjects were likewise in iron balance after 4 and 5 months on diets containing 7.1 and 7.8 mg. of iron daily respectively, and their blood contained normal amounts of hemoglobin and red blood cells.
3. A young woman living for over a month on a diet con taining 9.1 mg. of iron daily was in iron balance during the intermenstrual phase. The total menstrual blood loss repre sented 33 cc. of the subject's blood.
4. Normal urinary iron amounts to about 0.02 mg. per 100 cc. of urine.
5. These observations, together with those in the previous literature, indicate that the iron requirement of the normal adult male is not more than 5 mg. daily. The obvious im portance of the availability of iron in the diet has only recentlv been demonstrated.
